We describe an accurate and precise method for determining serum cholesterol by high-performance liquid chromatography (HPLC). After addition of 6-chlorostigmasterol as internal standard, serum is treated with alcoholic potassium hydroxide. Subsequently the cholesterol and internal standard are extracted from the mixture into n-hexane and then derivatized to phenylurethanes for measurement by HPLC with ultraviolet detection. The effective chromatographic separation and the use of an appropriate internal standard make this procedure free from interferences by other serum sterols and precise. High-performance liquid chromatography (HPLC) is relatively inexpensive and convenient and has also been used for serum cholesterol measurement (13-16); however, these HPLC methods were developed mostly for purposes other than use as Reference Methods and their performances could not meet our requirements.
Increased concentrations of serum cholesterol are recogni.zed as an important risk factor for atherosclerotic cardiovascular diseases. Although hypercholesterolemia and coronary heart disease are not as prevalent in China as in the Western countries, steady increases in serum cholesterol and the incidence of coronary heart disease have been observed in the last two decades (1, 2 High-performance liquid chromatography (HPLC) is relatively inexpensive and convenient and has also been used for serum cholesterol measurement (13-16); however, these HPLC methods were developed mostly for purposes other than use as Reference Methods and their performances could not meet our requirements.
Here we describe a novel HPLC method for determining serum cholesterol.
It is free of interferences, performs with good precision, uses widely available equipment, and is low in cost.
Materials and Methods

Reagents.
Cholesterol Corp., Milford, MA). The mobile phase was acetonitrile/water (88/12 by vol) saturated with n-hexane. We performed our analysis with a flow rate of 1 mldmin at room temperature.
The preparation of the mobile phase was as follows. Acetomtrile and water in the indicated proportion were mixed and warmed to room temperature.
The mixed solvent was shaken with excess n-hexane and filtered through a 0.45-jm poresize filter. After the complete separation of the phases, the n-hexane layer was removed and the bottom layer was used as mobile phase. The column was first flushed with pure acetonitrile for 10 mm and then equilibrated with the mobile phase until a steady baseline appeared. standard from these sterols (as their phenylurethanes). Table 1 summarizes the retention times of 11 sterols. None had a retention time identical with cholesterol or the internal standard.
To check the profile of serum sterols under our chromatographic conditions, we prepared a serum sample without adding internal standard and injected it onto the column. The injected amount was much larger than that for ordinary analysis. As shown in Figure 1B, the small peaks evident (nos. 1, 4 chemical properties very similar to cholesterol, so that its behaviors in the rather simple extraction and derivatization procedures would be nearly identical with that of cholesterol. To investigate this, we prepared an equimolar mixture of cholesterol and 6-chlorostigmasterol in ethanol. Ten equal portions of the mixture were subjected to the whole sample preparation procedure. Each of the 10 specimens was injected onto the column and their peak-area ratios were measured.
The CV of the 10 peak-area ratios was 0.41%. Deducting the contribution of the variation of the HPLC measurements, which was obtained by injecting one specimen repeatedly 10 times, we determined that the variation derived 
Precision.
We analyzed three serum pools, each of different cholesterol concentrations, to study the reproducibility of the HPLC method. Each pool was analyzed six times in three or four replicates.
Within-run and total CVs were 0.56% and 0.78%, respectively (Table 3) for analysis as a set, and three such sets were analyzed independently. Variance analysis showed that withinrun errors were the main component of variation.
Neither vial-to-vial nor run-to-run variation contributed significantly to overall variation. Therefore, we pooled all the results and calculated the standard deviation as shown in Table 4 . The mean value determined by our method (4.346 mmol . g' . L') was very close to the value assigned by NIST (4.359 mmol g' 'L') -sitosterol, and cholesterol) were very useful. They are similcir to cholesterol in structure (3f3-hydroxyl and 5-ene) and properties (as shown in Table 2 ) and are stable (vinyl chlorides). Different 6-chlorosterols can be selected for different conditions. For example, 6-chlorostigmasterol was used satisfactorily in the present study, and 6-chloro--sitosterol may be the choice for use with the j.-Bondapak C18 column ( Figure 2B ). These 6-chlorosterols may also be useful in serum cholesterol determinations by gas chromatography.
Precision and Accuracy of the HPLC Method
For reasons detailed above, the HPLC method performed with good accuracy and precision. The withinrun and total CVs of serum analyses were 0.56% and 0.78%, respectively.
